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ABSTRACT 


Cellulose acetate desalination membranes have been 
cast using higher concentrations of cellulose acetate in Manjikian 
type casting formulation. The air exposure period has been 
reduced to very low values of 0.1-0. 2 seconds. Tests have been 
made with a feed solution containing 0.5$ by weight HaCl at 600 psig 
to simulate typical brackish water conversion conditions. These 
membranes are capable of giving a flux of upto 28 gfd with 90 $' 
salt rejection which is excellent by any standard. Another 
membrane has yielded at a lower temperature of annealing a flux of 
58.5 gfd and 91 * 8 $ salt rejection which is better than any known 
membrane. Another feature of membranes having 51 *5$ GA in the 
oasting solution is that high salt rejection is achieved at an 
annealing temperature as low as 74° C thus pointing towards 
possibilities of having a desalination membrane that does not 
need any annealing. 
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CHAPTER I 


INTRODUCTION 

The Increasing demand for fresh water from saline 
water has, in the last twenty years, stimulated extensive 
investigations into newer and more economic processes for 
desalination of sea and brackish water. Reverse Osmosis 
or hyperfiltration has been in the forefront, of these 
newer processes. The earliest investigations to find a 
suitable membrane material for reverse osmosis were carried 
out by Reid and Breton (1) in 1956. They found out that 
cellulose acetate was far superior to other membrane materials 
with respect to its semipermeability to sea-water salts 
and its water flux. However, this value of water flux was 
still very low for practical purposes. The commercial 
prospects for reverse osmosis was brightened considerably 
in I960, when Loeb and Sourirajan (2) fabricated a high 
flux semi-permeable membrane from a solution of cellulose 
acetate having a composition of 22 $ cellulose acetate (CA), 
66,7$ acetone, 1.1$ magnesium perchlorate and 10$ water. 

This solution at a temperature around -5°C was cast uniformly 
on a cold glass plate at -10°C with a doctor’s blade and 
exposed to air for about 3 minutes t after which it was 
gelled into a thin film by immersion in ice water for an 
hour. Desalination properties were obtained by shrinking 
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the membrane for 5 minutes in hot water (65 to 85° C). 

Extensive morphological studies of this membrane indicated 
an asymmetric structure consisting of a thin 0,25yu dense 
layer at the top formed by the loss of acetone in air 
supported on a porous substructure when the total membrane 
thickness was IOO^l, The surface layer of a membrane before 
annealing showed no evidence of pores bigger than 100 A 
whereas the porous substructure underneath the surface layer 
had pores of size 1000 to 4000A. After heat treatment, the 
pores in the top layer are of size 4 - 9 A. 

Considerable simplicity was achieved when Manjikian, 
Loeb and McCutchan (3) fabricated in 1965 a cellulose acetate 
membrane from a 25$ CA - 30$ formamide - 45$ acetone solution 
by casting it at room temperature with a 30 second, evaporation 
time. This membrane's flux and salt rejection characteristics 
were comparable to those of Loeb-Sourirajan membrane. It 
is believed that cellulose acetate membranes commonly used 
in the industry in II. S, A. and for research purposes are 
obtained by this latter method. For example, Eastman Kodak 
membranes are supposed to be of this type. These cellulose 
acetate membranes have, however, certain limitations, Ibr 
example, they should not be used outside a pH range of about 
4-8; they must be used at temperatures lower than 80°C; 
there are possibilities of bacterial growth and degradation 
in adverse environments. These shortcomings are genuine as 
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cellulose acetate has been found to be an extremely versatile 
semi-permeable membrane for an extremely wide variety of 
separation processes for removing small solutes from primarily 
aqueous solutions. This has encouraged research on membrane 
materials other than cellulose acetate (4). Yet cellulose 
acetate continues to be the dominant membrane in the field 
of small solute separations. 

This dominance has prompted extensive research towards 
improving upon existing cellulose acetate membranes. Efforts 
have been made 

(a) to improve the compaction resistance of the 
membrane 

(b) to increase the water flux through the membrane 
at a given salt rejection for a given operating 
pressure, and 

(c) to increase the salt rejection characteristics 
for the fabrication of membranes suitable for 
desalination of sea water by one pass at 1500 psi 

The present work is directed towards the following 
two objectives: 

1. to fabricate CA desalination membranes which 
are comparable with the best available. 

2, to increase the water flux as in (b) mentioned 
above and to understand the mechanism for such 
increases in water flux if possible. 



CHAPTER II 


MEMBRANE PERPOIMMCE CRITERIA 


The performance of a membrane for desalination of 
brackish water is measured in terms of two quantities, namely, 
(a) per cent salt rejection and (b) the flux of permeate 
through the membrane when tests are conducted with brine feed 
at 600 psig flowing over the membrane at 25°C. The feed 
is an aqueous solution of 0.5$ NaCl by weight. The percent 
salt rejection is defined as 


$Salt rejection = R = (1 


NaCl concentration in permeate % 
NaCl concentration in feed ' 


x 100 (1) 

Permeate flux P is defined as the amount of permeate per 
unit area of membrane surface per unit time. The commonly 
used unit for flux in literature is gallons/(ft^) (day) 
abbreviated as gfd (IT. S. gallons). Corresponding unit in 
metric system is litres/m /day and the conversion factor is 

1 gfd = 0.0414 litres/m 2 /d.ay (2) 


Here we will be reporting the flux in gfd. Some workers 
prefer to use a salt reduction factor, S, instead of R to 
denote the extent of semipermeability of the membrane to 
salt. This factor is defined in the following manner: 
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Salt Reduction 3?actor (S) = |S&- SgP.P.epWffla. .Iff. feed, 

v 7 NaCl concentration in permeate 


(3) 

It is well known that the water flux through the membrane 
increases with increase in operating temperature (see page 
176 of Ref. (5)). Further Sourirajan (5) has observed that 
the product of the permeate flux and the viscosity of the 
feed is a constant. Therefore the relationship between flux 
measured at t°C and that at 25° C is 


(F 
or F, 


,) x ( 


,) = ( F, or( ) X ( 


25°C / A V ^25°C' “ VJ -t°C J 

25 o C = (F toc ) x 
25 C t C (^Li25°C) 


^t c 


(4) 


where jJ< is the viscosity of the permeate.- 


( 5 ) 



CHAPTER III 


PREVIOUS WORK OH KITTY IMPROVEMENT 

It is known that the intrinsic permeabilities of 
water and salt decrease ’with increasing acetyl content. 

But the fact that permeability of the salt decreases more 
rapidly than that of water (l), has encouraged researchers 
to make blend membranes of cellulose diacetate and cellulose 
triacetate (CTA) so that membranes with higher salt 'rejection 
can be obtained. King et.al (4) prepared 10 mils thick 
cellulose acetate blend membranes on a moving aluminized 
Mylar belt from a casting formulation of 55 gm, dioxane, 

55 gm, acetone, 9 gm. methanol, 3 gm. maleic acid, 10 gm. 
of cellulose diacetate (E - 398-3) and 10 gm of cellulose 
triacetate (A-432 - 130B). The film was gelated in 1°C water 
after an evaporation time of 60 - 90 seconds. They concluded 
that these membranes exhibit salt rejection properties 
superior to conventional cellulose diacetate membranes and 
are capable of producing potable water from seawater in a 
single pass with initial fluxes of 11 to 13 gfd and salt 
rejections of 99*3 to 99*6 at a pressure of 1500 psi. 

It has also been thought that if the total amount of 
acetone lost by evaporation from the top of the membrane 
during the air drying period can be reduced, the thickness 
of the dense salt-rejecting skin in the asymmetric membrane 


7 


will be smaller and other things remaining same, the water 
flux through the membrane would be increased, McCutch an (6), 
therefore, determined the performance of membranes cast from 
a Man jikian type casting solution having a composition of 
25*30:45 "by weight of CA (E-398-10), formamide, acetone with 
variable evaporation time. In Figure 1, his results are 
plotted as a function of evaporation time (going to values 
as low as 0*015 second). Permeabilities of salt and water 
decrease with increasing evaporation time. Water flux drops 
by 50$ between 0.1 second and 30 seconds while it decreases 
very rapidly to 6 gfd for 60 seconds evaporation time. The 
salt reduction factor S increases from 3 to about 21 over the 
same range of evaporation times with a large increase occurring 
between 1.0 and 5.0 seconds. One may conclude from McCutchan’s 
work that going to very small evaporation times may improve 
the flux but the salt rejection will be drastically reduced 
so that the membrane is not very useful. 

Asymmetric cellulose acetate desalination membranes 
of Loeb-Sourirajan type or Manjikian type are porous phase- 
inversion membranes. In such membranes, the performance 
characteristics are primarily determined by the primary gel 
structure obtained. by drying and gelation. This gel structure 
is affected by the casting solution composition, casting and 
gelation conditions. Fahey and Grethlein (7) varied the 
casting solution composition and the evaporation time of a 
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Manjikian type membrane in a systematic way. A*wo level 
actorial design technique was utilized to design experiments 
for achieving optimum values of these variables. In the 
casting solution, the ratio of acetone to formamide was fixed; 
only the concentration of cellulose acetate was varied. 

The starting composition was the same as Manjikian ’3 composition 
The optimum composition was found to be 27.5$ CA - 31.7$ 
formamide -40.8$ acetone. A drying time of 1-7 seconds was 
found to produce membranes with much higher flux. Their 
best membrane, heat treated at 84°C, was found to give a 
flux of 30 gfd. with salt rejection of 98.0$. But the average 
membranes in these composition ranges and evaporation* times 
gave a flux of about 20 gfd, and 98,1$ salt rejection. 



CHAPTER IV 


MECHANISM OP MEMBRANE FORMATION 

( ^ -Influence of Air Exposure Period on Membrane Structure ? 

On the basis of scanning electron micrographs 
of cross-section of membranes cast from cellulose acetate 
solution of Man jkikian * s composition with different 
evaporation times prior to their gelation in the ice-cold 
water, Frommer and Lancet (4) suggested the existence of 
two distinguishable layers, with the upper one being much 
denser in the partially air-dried membrane. The thickness 
of the dense layer increases from 10 percent of the thickness 
for the membrane obtained by 5-10 second evaporation time 
to practically the total thickness for the membrane having 
5 minutes evaporation time. 

Further it was observed by Frommer and Lancet (4) 
that the rate of evaporation of acetone was very high 
immediately after film casting with very little change occurring 
after 5 minutes of air exposure. This prompted them to suggest 
the dense layer is formed as a result of acetone evaporation, 

(b) Evaporation of Acetone and Formation of Two Thick Layers ? 

The composition of Manjikian's solution is such 
that about 20$ loss of acetone content from the top layer induces 
the sol-gel transition within the upper layer of the cast 
film. Since the evaporation of acetone is very fast, there 
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will be a layer of solidified gel on top of the still fluid 
casting solution in the film in a short time. The thickness 
of this layer increases rapidly with increase in evaporation 
time as the rate of acetone evaporation is very high in the 
initially period. The borderline between the upper solidified 
gel and the lower fluid casting solution is quite sharp and 
the immersion of such a film in the precipitating bath of ice 
cold water will yield an asymmetric membrane. The upper 
solidified gel layer becomes the dense skin and the lower fluid 
casting solution becomes the thick porous substructure of the 
membrane. This has been confirmed by electron microscopic 
studies of the cross- section of these membranes (4). 



CHAPTER V 


PRESENT WOPV 

Our initial efforts have been directed towards 
casting membranes with the improved composition of casting 

ion and low evaporation times of 1— 7 seconds recommended 
by Fahey et al (7). This was necessary for establishing 
reliability of our experiments, Eahey at.al (7) did not 
experiment with evaporation times lower than 1 second. Since 
it is clear from the work of Prommer and Lancet (4) that the 
skin becomes thicker as the evaporation time increases, the 
permeate flux should decrease with increasing evaporation 
time, as exemplified by the flux of 1-7 second membranes by 
Pahey et al (7). It is obvious that the performance of 
membranes having evaporation times of less than 1 second 
should be investigated. McCutchan and Johnson (6) have, 
however, tested membranes cast from Manjikian composition 
with evaporation times as low as 0.015 seconds and have 
found high flux but very poor salt rejection at very low 
evaporation times. It is felt that the casting solution 
composition has to be drastically changed to improve the salt 
rejection at these low evaporation times. At these low 
evaporation times, the amount of acetone evaporated would be 
very small and the upper layer of a Manjikian membrane may 
not undergo a sol-gel transition. It is necessary, therefore, 
to have a casting composition which is very close to the 
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saturation line in Figure 2, Ihrther, higher polymer 
concentration will provide numerous small droplets in the 
remaining liquid matrix (see Resting (8) page 121-122)* 

This membrane after gelation will give much finer and more 
numerous pores in the skin so that salt rejection by the 
membrane after heat treatment at any given temperature tsb uiM k-«- 
higher than that produced from a casting solution of smaller 
cellulose acetate content. 

Thus the following steps can be taken to improve 
the flux of membranes having good salt rejection: 

1, Decrease the amount of acetone lost and 

2, Increase the cellulose acetate content . 

The amount of acetone lost can be decreased by decreasing 
evaporation time, by lower casting temperature, by maintaining 
acetone vapor over the cast membrane and by decreasing acetone 
content of the solution. Controlling acetone vapor at a 
given concentration level over the film was found to be quite 
difficult. Acetone content of the solution can be decreased 
only upto the solubility curve. We have therefore operated 
under conditions of decreased evaporation time # lower casting 
temperature and increased cellulose acetate content. The 
results section reports some of the preliminary results that 
we have obtained. 

It must be pointed out however that increasing 

cellulose acetate content beyond some level will, fbd . douhifelr^ 

CENTRAL ilBR*RY 

Acc No. h 29865 
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productive since the memhwm* , • 

skin and the porous sub- 

structure may become too dense and the -n 

e and the flux may be reduced 

considerably, it ma y be more 

useiul to incorporate small 
amounts or salts l lke ZnCl 2 , ZnBr,, ^ Khloh may ^ as 

(a) nucleating agents producing larger number of finer pores 
or as (b) a celling agents increasing the permeability of the *«,brane. 



CHAPTER VI 


EXPERIMENTAL RETAIL ft 

( a ) Preparation of Casting Solution : 

The casting solution was prepared from E-398-3 
grade cellulose acetate (obtained from Eastman -Kodak Chemicals 
U.S.A. ), analytical reagent grade formamide (E. Merck, ¥. 
Germany) and analytical reagent grade acetone (BDH). The 
cellulose acetate E-398-3 was used in the powder form as 
obtained from the manufacturer without any treatment. The 
casting solutions were prepared in l^te batches of 150 gms in 
a conical flask fitted witha.standard glass joint and stopper. 
All the membranes were cast in an atmosphere at ambient 
temperature. The membranes were stored in distilled water 
at room temperature. To avoid undesirable bacterial growth 
on the membrane two drops of 40/6 W/V formaldehyde solution 
were added in 1 litre of the water in which membranes were 
kept. 

(to) Casting of Cellulose Acetate Membranes : 

In our initial experiments, the membranes were cast 
on a glass plate which was moved straight along its length 
on a horizontal supporting brass table with guides. The 
casting solution was spread across the width of the glass 
plate near a doctor’s blade set parallel to the glass plate 
width. The gap between the doctor’s blade and the glass plate 
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was fixed at a very small value, say, 0,006” by means of feeler 
gauges so that the membrane as cast would have the same thick- 
ness, The wiped film was allowed to dry in air for a fixed 
time after which it was kept immersed in ice-cold water bath 
at 1-4°C for gelation for 1 hour. The membrane floated off the 
plate after sometime after which the skin side of the membrane 
was marked with an indicator. The minimum evaporation time that 
could be achieved in this manner was never less t han 2 seconds. 

To decrease the evaporation time to values lower than 
2 seconds, the glass plate with the cast membrane on it was pulled 
along the brass table on which ice cold water was flowing at a 
short distance from the doctor’s blade. Acetone was lost from 
the cast membrane in the small air gap between the blade and 
the flowing ice-cold water. One could achieve evaporation times 
as small as 0.1 seconds in this manner. But water flowing over 
the membrane had some waves always which are likely to create 
wavemarks (see page 134 in (4)) on the membrane skin. These 
wavemarks usually crack under high pressure while testing. As 
a result they provide channels through which salt leaks and the 
salt rejection is substantially reduced. 

After a few experiments in most of which membranes 
had poor salt rejection this set-up was abandoned. The arrange- 
ment, finally adopted for small evaporation times, consists of 
a vertical brass plate with guides along which glass plates 
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can slide down smoothly. The doctor’s blade was kept almost 
horizontally at a small distance (say, 0.008”) away from 
the glass plate. The casting solution was poured between 
the glass plate and the doctor’s blade. The plate was 
pushed down with hand at as uniform a speed as possible into 
anice cold water bath whose level could be brought up to 
almost the blade. Thus the thickness of the airgap could be 
reduced or increased to provide for the desired evaporation 
time. The speed of the glass plate can also be varied to 
control the evaporation time. In this arrangement, the 
membrane enters stagnant water; so the possibilities of 
wave marks on the skin is minimal especially at low speeds. 
The results with vastly improved salt rejection testify to 
this. This arrangement is shown schematically in Figure 3. 

The speed of the glass plate was varied between 5 ft/min to 
8 ft/min. and was determined by means of a stopwatch, Itor 
an airgap of l/8 inch, 5 ft/min. speed would give an eva- 
poration time of 1/8 seconds, 

(c) High Pressure Membrane Testing Loop ; 

The high pressure membrane testing setup is drawn 
schematically in Figure 4. This consists of the feed tank, 
high pressure reciprocating pump, surge tank, reverse osmosis 
cell,, pressure indicating gauge, purge valve and a back 
pressure regulator. All parts coming in contact with the 
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Fig. 3 - Schematic diagram of membrane casting 
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ba?ia§ are of stainless steel except the feed tank 
whiefe la ©£ polyethylene, The high pressure pump is a 
9 ln *l* ae<fei ^ -type recipe eating pump of model 

UM®-35 manufactured by Mats Engineers, Ahmedabad. It is 
capable of discharging liquid at a rate of 8.3 gallons/hour 
(630 cc/min) at 300 strckes/minute, The maximum pressure 
that can be achieved is 1350 psig. The stroke length is 
ddhtihuousiy variable tod the number of stroke s/minute can 
be Varied in this pump* A spring loaded safety valve 
is mounted on the pump outlet with connections to the feed 
tank. The surge tank is placed before the cell to smoothen 
out pressure fluctuations in the pump output. The surge 
tank is filled with N 2 gas at a pressure of 250 psig for 
operation of the system at 600 psig. The surge tank is 
essentially a 48" long stainless steel standard 1" Sch 40 
pipe. The reverse osmosis cell consists of 3 matching stain- 
less steel pieces shown in Figure 5. The cell is designed 
such that the high pressure feed comes to the membrane through 
a central opening and is distributed over the whole membrane 
uniformly before leaving the cell. The back pressure regulator 
is of spring loaded type and the pressure in the system 
before the regulator could be adjusted to the desired level 
by loosening or tightening of a spring in the regulator by 
means of an outside screw. The outlet of the back pressure 
regulator is connected to the feed tank. All connections 
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"between various components were made by means of S. S, 

Swagelok joints and 1/4" x 1/8” stainless steel tube. 

( jijgiiiJl3jliil»jSj-‘ > jfembranej3 > ^it _High_]E 1 rs ssure t 

Cellulose acetate membranes as cast are very porous. 

Ibr desalination purposes cellulose acetate membrane was 
immersed in hot water at a specified temperature for 10 minutes 
followed by immersion in cold water to cool it rapidly. 

During this heat treatment, (provided the temperature of hot 
water is higher than the glass transition temperature of 
cellulose acetate which is 68°cj) the polymer swelled resulting 
in shrinking of pores in the membranes. Different levels of 
salt rejections could be achieved by annealing the membrane 

thus at different temperatures. This temperature is referred 

•ft* 

to as^ shrinkage temperature. 

Prior to actual testing of a membrane at a high 
pressure of 600 psig with ITaCl solution, the membrane was 
pressure treated. During this pressure treatment, distilled 
water was passed over the membrane at 700 psig for 1 hour 
and the water flux was noted down. 

To test the performance of cellulose acetate membranes, 
for desalination, 0.5^ by weight laCl solution was passed 
over the membrane at 600 psig at a constant rate. The 
permeate was collected in some container for a fixed time 
after which its volume was measured. Dividing this volume 
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1,7 ^ tim<3 Peri0d ° f -4 the area of membrane ' 

cma incorporating proper conversion factors permeate flux 

can be calculated in gfd. T 0 determine the salt rejection 

the salt concentration in the permeate was found out by 

titrating it against standardised Agtro ; solution ( oonoentration 

0.O5H approximately). This technique is a standard method 

for estimation of chloride ions in t^ aquous solution 



CHAPTER VII 


RESULTS AND DISCUSSION 

In the accompanying tables the results of desalination 
runs with membranes considered largely free of defects are 
shown# Those results which have been omitted are primarily 
concerned with exploratory techniques in membrane casting 
arrangement. Some of the results were manifestly useless 
because the casting solution had too many microgels which in 

the membrane under pressure give rise to salt leakage at their 

io6 

boundary. These gels also reducedthe flux. 

The results obtained in this work for evaporation 
times of less than 0,2 seconds and for cellulose acetate 
compositions ranging upwards of 27 $ to bbffiin Manjikian type 
casting solution are considered to be the first of its type 
in desalination membrane literature. It is obvious from 
experiments 16 to 24 that 30$ cellulose acetate compositions 
give almost as good membranes as the membranes fabricated by 
Eahey and Grethlein (7), for evaporation times which are 
less than 0.2 - 0.1 seconds. A look at the solubility diagram 
of cellulose acetate - acetone - formamide system given in 
Figure 2 reveals that the 30$ CA casting solution used in 
this work is further away from the solubility curve than the 
27# 5$ CA solution of Eahey and Grethlein, One, therefore, 
does not have to have a solution very close to the solubility 
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Itoe as claimed by Fahey aad Grethlein. However, it may 
produce a better membrare. Further these membranes give 

rejection of about 97. at annealing temperatures 

of 80° C and lower. For examnio • 

or example, xn experiment 26, a 31.596 

lulose acetate membrane has a salt rejection of 97 96 a t. 

“ annealing of only 74°C, whereas the membranes 

of Fahey and Grethlein need annealing at about 82-83°C for 

a comparable salt rejection. One may envisage membranes from 
casting solution having cellulose acetate percentage higher 
than 31.5 which will not need any annealing at all, thus 
eliminating this step in membrane fabrication altogether. 

The densification does seem to cause much of a decrease in 
flux but this aspect needs further investigation. 

A further consequence of our results from experiments 
7 to 26 is that contrary to McCutchan's results shown in 
Figure 1 , very good membranes can be produced by going to 
very low evaporation periods if the concentration of cellulose 
acetate in the Manjikian type casting solution is increased. 
Since the pexmeate flux increases with decrease in evaporation 
time, one encounters interesting possibilities of improving 
upon existing membrsmes by controlling the casting solution 
composition and the evaporation time. 

It is useful to compare the results of the present 
work with those done at Central Salt and Marine Chemicals 
Research Institute, Bhavnagar-2, Gujarat. The best CSMCRI 
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results as reported in "A Special Report on Desalination 
Research at CSMORI ( 1 964 - 71 )” are: 


Feed Operating 

Mg/lit. Pressure 
Psig 

$ Salt 
Rejection 

Temperature 

Product Flux 
gfd 

5200 

600 

97.4 

25°C 

15 

7000 

600 

90-95 

25°C 

16.4 

In a recent letter 

from their 

Director dated 

27th March, 

1974 ( 9 ) 

it was 

stated that, 

"until 1972 whatever good 


results were achieved have been included in the special report 
on desalination research at CSMCRI. However, as far as the 
new work is concerned, blended composite membrane investi- 
gations are in progress for obtaining high flux-high 
rejection membrane. But we feel that it is only after conduct- 
ing experiments on higher scale we shall be in a position 
to make the information available," 

When one compares these CSMCRI results with those 
of the present work as given in Tables one notices that the 
membranes of this work are 2-3.5 times better than the 
best CSMCRI membranes. Further experiment number 22 in Table 2 
indicates an excellent membrane with about 92 $ salt rejection 
and 58.5 gfd permeate flux. The best membrane of Fahey and 
Grethlein (7) in this respect gives only a flux of about 
50 gfd with 91$ salt rejection. Since the speed of the glass 
plate entry into the ice-cold bath could not be made absolutely 
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orm because it was hand-driven, best membrane performance' 
is not achieved always in our vertical casting apparatus 
due to possibilities of wavemark formation on the membranes, 

A mechanical drive would eliminate this complication thus 
ensuring much higher reproducibility in membrane fabrication. 



CONCLUSION 


Highly productive cellulose acetate desalination membranes 
can be fabricated from Man j ikian type casting solutions with 
cellulose acetate content ranging upwards of 27$ to 31.5$ if 
the air exposure period in membrane casting is reduced to around 
0.2 seconds. At 600 psig, these membranes are capable of giving 
a flux of upto 28 gfd with 98$ salt rejection from a feed solution 
containing 0.5$ by weight NaCl. Thus membranes having desalination 
characteristics comparable to or better than those made by Fahey 
et al. can be obtained from casting compositions having a higher 
concentration of cellulose acetate at lower evaporation times. 
Further McCutchan and Johnson’s conclusion obtained from membranes 
with Manjikian composition that very low evaporation period produces 
membranes with high flux and very poor salt rejection becomes 
invalid when the casting solution composition is changed. 

Membranes produced from casting solutions having 31*5$ CA 
give reasonable flux and salt rejection at an annealing temperature 
as low as 74°C. This, result opens up the possibility of fabri- 
cating membranes that do not need any annealing at all. 

The best membranes produced in our laboratory are about 
2-3 times better than conventional GA membranes used for brackish 
V\rater desalination and other separations. Extensive savings in 
capital investment is likely if these types of membranes are 
used in industrial separations. Further work towards optimizing 



the membrane easting solution and casting conditions are in 
order to improve membrane performance and specifying exact 
conditions for industrial fabrication of these membranes. 


* * * 
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Experiment Kn T hq 

Vol. of permeate collected = 27,5 ral 

"" Perl0d of “Motion . 1/2 hour 

Diameter of the membrane exposed +„ «, , 

exposed to the feed solutioi 

= lk25 inches 

Average temperature of feed = 31,00 °c 

Vol. of permeate - £1 ±5 X 2 x ?A . 

1000 — litres/day 

= — 7 »5 x 2 * 24 

1000 x 0.264 gallons/day 

Permeate Plux = (£!.•? x 2 x 24 x 0.26 a . . 4 x 1A4 

iooo )(t~ L 2 # t: 

1.25 x 1 i 2 1 


gal/(day)(ft 2 ). 


= 40.9 gfd 

Viscosity of water at 25°C = 0.894 centipoise 
Viscosity of water at 31.25°C = 0.78*0 centipoise 

Permeate Plux at 25°c _ 40.9 x 7R40 

0.894 gfd 
= 36.0 gfd 

Salt R ejection ; 

to prepare standard solution of HaCl in water for 

standardizing A0O, solution, 0.16 gms of NaCl was dissolved 
250 ml of water. 

Coll w e ^ ra ^ ion of standard * ■ , 

NaCl solution = 0^J6 x 1000 gm / litre 

0.16 x 1000 _ 


1 
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HBtllSi 


Volume of standard Had solution for titration = 5 ml. 

Volume of AgtJO^ solution required =11 4 ml 

Concentration of A gtJ0~ solution = *1000 „ 5 „ 

* 250 x 58.44 x Tl.4 E 

Volume of AgJIOj solution required when it is titrated against 

5 ml of permeate =3.5 ml. 

Therefore concentration of HaCi in permeate 

- a 1000 x 5 _ 3*3 „ 

" 250^58.44x11.4" x 5^ 

Concentration of NaCl in permeate in term of mg/litre 

= §*1$ ^,1000 a 5 T 2*2 y 58,-44 x 1000 
250 x 58.44 x 11.4x5 x 

= 184 mg/litre 

1o salt rejection = (1 - ^q) x 100 


= 96 . 32 $ 


* * « 


